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BOLE VOLUME GROWTH IN STEMS OF QUERCUS CAMBELII 
Warren P. Clary’ and Arthur R. Tiedemann” 


\ \( Shirib born and tree-form Gambel oak Quercus gambelii) stands contain a potentially significant felwood 
\ Information ou their growth characteristics can fornia basis for future stand management. Stem analyses showed 
that hewht growth of shrob-forin stems essentially ceased alter age 50. while tree-form stems continned to increase in 


fi a until wpproximately age LOO. Both stem forms continnied to increase in basal area and vohine at a relatively constant 


re the stems mcreased in age and size. Increases 1 ull size measures were snbstanti: lly greater in tree-form stems than 
he Shrub-form: stems. Mean bole volume for trec-form stems at age LOO was over 16 times that of shrub-forim stems. Sprouts 
from tree-lorm stands would reach minimum size for fnehvood marketing in approximately 45 vears. 
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Gamibel oak (Quercus gambelii) is a species Gambel oak is particularly desirable as fuel- 
nnportant for wildlife habitat, watershed pro- wood because ofits heat- vielding qualities ap- 
tection, and fnehvood. [tis found in many areas — proximately 1.4 times greater than ponderosa 
ol Arizona, Colorado, New Mexico, and Utah. pine (Barger and Ffolliott 1972). The siipenor 
In Utah the optinnian elevations are 1700- heat- producing qualities of this species and its 
2300 m where Gambel oak isa dominant in the — proximity to several major population centers 
Mountain Brush or mountain mahogany—oak — have generated considerable interest in man- 
shih potential natural vegetauion zone (Kuch- agement and use of Gambel oak for fuelwood 





ler 196-1, Harper ct al. 1955. West 1989). (Harper et al. 1985, Betters 1986). Retail prices 
Gambeloak has avariable growth form. Nor- reflect the heat-producing value of Gambel oak. 


mally a tall shrub or small tree, it can be found — Itis typically sold for $10 more per ton than any 
as dense. shimbby patches 11 tall, or as widely other species (Jolson and Grosjean 1950). 
spaced trees up ‘awe ieee ee lary and Teco. Some infonnation is available on projected 
Pra). {pane morphological variation growth characteristics of Gambel oak based pri- 
prompted carly taxonomists to recognize as marily on diameter increments (Wagstalf 1984). 
many as cight additional species within, popnla- However, no information is known to be avail- 
ete estore Cambell (Harperetal. able on the incremental growth of Gambel oak 
I9S3.. The variability} may have an environ.  bele velumes. Because of this, we conducted 
mental source Neilson and Wullstein 1983). a this study to determine the volume growth char- 
venetic source (Pendleton et al. 1983). or both, — acte ristics of Gambel oak stems to assist in fu- 
Sexual reproduction is sporadic, generally ¥ire management of this often ignored, but 
with limited snecess (Cottam et al. 1959. Ne if locally important, species. 
son aid Wallstein 1983. Wuallstein and Neilson 


I9S5.. However, the species has a high regen- METIFODS 

CTV EC ih acity fromeadventitious buds sittated 

ieee. a Mbers “ rhizomes of existing MELD METHODS.—The plant materials for 
ee Miller 1951. Tiedemann et al. 1987). this study were collected as part of earlier stud- 
rh Ws Cnc fe lo numerous sprouts, par- ies of standing crop biomass (Clary and Tiede- 
(ew hive | ir rh cides. woodeutting, or mann 1986. 1987). Hight small tree- and 


thee aboveground stem shrub-form plots WeTe sampled within typical 
stands on Bald Mountain ner Ephraim, Utah. 
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TABLE 1. Growth curve! coctlicien(s and R's. 
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Fig. 1. Basal area (em) versus age (vears |: a, shrub-form stems: b, free-form stems. 


These are hereafter referred to as shirub-forme. 
The sample stands were on slopes of up to 40%, 
The plots sampled varied in size from 3 3.1m 
for high densities of sinall stems to 9 X 9 1m for 
plots of less dense stems. Large Gambel oak 
trees were represented by five stands in the 
Cascade Springs area ofthe Uinta National For- 
est, Utah. These are referred to as free-form. 
Tree-form stands were visibly distinct from sur- 
rounding vegetation and oecupied concave 
slope positions where soil depth and moisture 
favored tree growth. Stands had to be of suffi- 
cient size to accommodate a 100-me plot. Plots 
were square when possible, othenvise rectangular. 

Stems greater than Lain high were commited, 
numbered, and measured for diameter at a 
height of 4 cm. Three (in tree-form plots) or five 
(in shrub-form plots) trees were selected at ran- 
dom for sampling. Stem boles were cut 4 cm 
above ground line and separated from branches 


and foliage. Where the tree bole forked, the 
largest fork was selected as the main bole. These 
boles were partitioned into O6O-ci sections con- 
timing upward until stem diameter outside- 
bark had decreased to approximately Tem. The 
last sections were therefore of variable Jeneth. 
A 10-cm Jength was removed from the base of 
each section for tree-ring analysis by the late 
Dr. C. Wes Ferguson and associates, Labora- 
tory of Tree-Ring Research, University of Ari- 
Zona, bacson., 

LABORATORY METHODS — The 
proach of ring-count dating was augmented in this 
study by the use of dendrochronological tech- 
niques. Pn instances where the ring patter Was 
obscured or distorted, two types of controls were 
used to reconstruct the radial tree-ring sequence. 
First, a comparison was made with other areas of 
the cross section, with other sections from: the 
sue tree, or with other trees. The second, using 
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dendrochronological principles, was to date all, 
ora portion thereof, of the radius in comparison 
with two relatively nearby established tree-ring 
chronologies Nine Mile ¢ Canyon and Emor- 
Link. Several notable relerence points were a 
pair of large rings at 1957 and 1955, and in some 
instances a wide band of vessels occurred in the 
1919 ring. Some data had to be reconstnicted 
for individual bole sections because of tree dam- 
age from ae or other injury, distortion due to 
whorls. ete. The diameter increments were de- 
eet ne the nearest millimeter by decades, 
e.g. IQSO-197], progressing from the onter ring 
ale ie stem toward the pith. Partial decade 
growth was recorded when the beginning or 
ending of the section growth record fell within 
a decade. 
neal, 
Were 


As the stems tended to be asvninet- 
the longest and shortest inside bark radii 
recorded. 

Cross-sectional area and volume calculations 
were made by using spreadsheet software on a 
personal computer, Diameter and volmme val- 

es were Caleuhited on an air-dry, inside-bark 
basis. The cross-sectional area for LAWN pe ‘riod 

etermined for both ends of eq ceation 
md shortest radii and assim- 
Wiptical shape. Section volume for each 
nuh decadal was calentlated from the 
een 


‘ 
a 


NVesSt al 


ctional areas for the 

lon length using the parab- 
0 | doisnally decadali volumes 
Ions tO Give stem vol- 


heolhts were deter- 
| (1) this, Heights 
a he miumer of 
| til 


li tips are 


[Volume 53 


b 


VOLUME (CM * 3) 
(Thousands) 








ae Bi ae ton Tel ——_——_ 
0 25 50 75 100 125 150 
AGE (YEARS) 


Wwears !)a. Shrub-form stems: b. tree-form stems. 


assumed to be equally spaced throughout the 
section. Patterns of volume change were exam- 
ined by graphic and regression methode using 
pe sriods or height segments within trees as sam- 
ple units to listeria growth trends. All regres- 
sion fits were made nsing the Richards growth 
curve model (Richards 1959), 


RESULTS 


Little data overlap occurred between the two 
populations above age 30 in the basal area versus 
age relationships (Figs. la, 1b, Table 1). At age 
30 tree-forin stems had mean basal area values 
nearly 10-fold those of shrub-form stems. Simi- 
lar relationships occurred with volume versus 
age (Figs. 2a, 2b, Table 1). Atage 100 mean stem 
voluines were 4049 em? and 65,S0S em? for 
shrub-fornn and tree-form, respectively, or a dif- 
ference exceeding 16-fold. 

The relationship of voluine to basal area was 
more consistent between stem forms than in the 
previonsly described. relationships. A_ single 
fimetion fit the full range of data for both popu- 
lations combined (Fig. 3, Table 1). 

Relationships of the ight to age varied be- 
tween the two populations. Rates of height 
growth were not greatly different among popu- 
lations for the Tree 2) vears. After 50 vears, 
however, little additional height increme nt oc- 
curred on shrub-fonn stems (Fig, 4a, Table 1). 
Maxim height averaged 4.1 m. Tree-form 
stems continued growth after age 50 at substan- 
tial, althongh slowly: decreasing, rates until ap- 
proximately 9.3 min height was attained at age 
100 (Fig. tb, Table 1). 
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Fig, 4. Height (m) versus age (vears!: a, shrub-form 


stems: b, tree- ae stems. 
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The relationship between annual volume in- 
Crenient and ave Was not strong for either popu- 
lation: R° wealnie »swere 29-35. A better fit was 
obtained between annual volume increment 
and total volume (RE = SO). Annual volume 
Increment asa fimetion of existing vohime was 
vreater at all volumes in tree-form stems than in 
shrib-form stems, ilhistrating more vigorous 
growth (Figs. 5a, Sb, Table 1) 


DISCESSION 


Sampling in this study was limited to central 
Utah, but stem: sizes encountered were re pre- 
sentative of sizes across the distribution of Gam- 
bel oak. Mean basal diameters of the stands in 
this study varied from 3.6-11.7 cm in shimb- 
form stems to 15.1-24.6 cm in tree-lorm stems 
(Clary and Tiedemann 1986, 1987). Our shrub- 
form stems, therefore, corresponded to the av- 
erage 7.6-cm stump height diameters in western 
Colorado (Brown 1955S), Our tree-form: stems 
were similar in diameter to the larger stems in 
north central Arizona (Barger and Ffolliott 
LOR). 

Limited information has been available con- 
ceming direct volunne measures or growth char- 
acteristics of Gambel oak. A volume table based 
ona technique of visually estimated volume is 
available for Colorado (Chojnacky 1955), and 
one has been used in Arizona that was devel- 
oped by modifying a composite volume table for 
trees in the Great Lakes vicinity (Barger and 
Ffolliott. 1972). Barger and F folliott. (1972 
found that annual stand volume growth in Ari- 
zona averaged 0.24 nr/ha. or about a 2% incre- 
ment. Ao similar percentage Increment was 
found in Utah for individual older trees (Wag- 
stalf 19$-4). WagstalPs (1954) data showed that 
diameter growth in tree-form stems slowed lit- 
tle in older trees: thus, the rate of basal area 
accumulation increased with age. In this study 
our estimates of annnal growth in older tree- 
form stems were similar to those of Wagstalf, 
although differences in magnitude between 
shrub-formn and tree-form stems were striking 
in nearly all data collecte id. Basalarea versus age, 
volume versus age, height versus age. and an- 
nnal volume increments in relation to total vol- 
ume were different between stem forms. 
Volume versus basal area was the only relation- 
ship examined that appeared similar between 
stem forms. 
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\ massive underground structure, which 
supports rapid and normally voliminous sprout- 
ing following top remoy ‘al, provides a reliable 
reproduction strategy that should fit well into a 
coppice frehwood management cvcle of harvest 
and regrowth (Clary and. Tie demann 1986. 
Tiedemann ct al. 1987). This would be espe- 
cially true on the more productive sites where 
clones of tree-forin stems or |: arger shrub-fonn 
stems are available. While we can offer no direct 
evidence that tree-form stands will coppice to 
new tree-form: stands rather than to shnib-for 
stands. circumstantial evidence suggests this is 
Tree-form stands in this study were sepa- 
rated by a distance of several kilometers: vet 
most of the stems of these stands were estab- 
lished within a 3-vear period. The most likely 
canse would be spronting following a wide- 
spread hot wildfire. Sprouting idence such 
events wpically results in high stem densities. As 


the new stand ages, a natural thinning occurs. 

I lasas rected in old stem sears on lignotubers 

wd rhizomes Tiedemann et al. 1987). Scars of 

wevions steams and the underground intercon- 

Of Gambel oak clones suggest that 

Ee Stedas alise repeated] from the 

we round strictures, These stems would re- 

ile Taree oe as the previous 

| rowing on the same site, 

1, nature stands near cit- 

r dial. Maximum: retail 

hi YOOO0T a of oak clone if 
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m/ha averaged across broad clone-occupied 
and nou-clonal areas (Barger and Ffolliott 
1972). The retail value on a landscape basis, 
therefore, would be $740/ha (1983 dollars) ifall 
harvestable volume were removed (Wagstaff 
195-4). 

Gambel oak is marketable when average di- 
aineters are relatively small. Wagstaff (1954) 
reported that stems are salable as fnelwood 
when the basal diameter reaches about 9 cm 
(basal area of 64 em"). This diameter, based on 
onr stem analyses, would be attained in 45 vears 
i our unmanaged tree-form stands. few 
shrub-fonn stems would reach marketable size 
in 90 to 100 vears, but a projected 170 vears 
would be reqnired IN our average unmanaged 
shiib-form stands. 

Our current (ature) tree-form stands with 
marketable volumes of 150.6-604.6  mY/ha 
would be worth $11, 144-$44,740 per hectare of 
clone (Wagstaff 19S4, Clary and Tiedemann 
19ST). Marketing of the resulting sprout growth 
contd occur in approximately 45 vears, althongh 
volumes would be much less than the original 
harvest. Estimated volume at age 45 0 ‘ould be 
only 25% of that attained at age 100. 

Only one of our shrab-fonn stands had aver- 
age stem diameters of marketable size, although 
four of the eight stands had some steins that 
exceeded the 9-cin-diameter requirement. The 
stands had mean bole voliuunes of 46.6-9-4.] 
mi /haand no apparent correlation between vol- 
mine and stand density, although lower density 
stands tended to have larger stems. Thus. valnes 
lor those stands that pte attained marketable 
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diameters conld be $344S—S6963 per heetare of 
clone (Clary and Tiedemann 1986, Wagstaff 


19S4). Any estimate of marketability and Sih 
fora specific oak stand would, however, have to 
be detennined on site. 

Fuehvood sales can provide a valuable tool 
for oak stand management. Fuchvood cutting 
can generate revenue while achieving various 
eanid modification goals, such as modifying 
wildlife habitat conditions (Reynolds et al. 1970) 
or stimulating sprouts in overmature stands for 
future fielwood production. 
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